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Description 

[0001] This invention relates to a process for prepar- 
ing aromatic carboxylic acids by the exothermic, liquid- 
phase oxidation of an aromatic feedstock compound. $ 
More particularly, this invention relates to a process for 
preparing aromatic carboxylic acids by the exothermic, 
liquid-phase oxidation of an aromatic feedstock com- 
pound wherein the energy produced by the exothermic 
oxidation is efficiently recovered. This invention also re- 10 
lates to an efficient process for treating waste water pro- 
duced during the preparation of aromatic carboxylic ac- 
ids. 

Background of the Invention is 

[0002] Aromatic carboxylic acids are useful chemical 
compounds and are raw materials for a wide variety of 
manufactured articles. For example, terephthalic acid 
(TA) is manufactured on a world-wide basis in amounts 20 
exceeding 10 billion pounds per year. A single manufac- 
turing plant can produce 100,000 to more than 750,000 
metric tons of TA per year. TA is used, for example, to 
prepare polyethylene terephthalate (PET), a raw mate- 
rial for manufacturing polyester fibers for textile applica- 25 
tions and polyester film for packaging and container ap- 
plications. TA can be produced by the high pressure, 
exothermic oxidation of a suitable aromatic feedstock 
compound, such as para xylene, in a liquid-phase reac- 
tion using air or other source of molecular oxygen as the 30 
oxidant and catalyzed by one or more heavy metal com- 
pounds and one or more promoter compounds. Meth- 
ods for oxidizing para xylene and other aromatic com- 
pounds using such liquid-phase oxidations are well 
known in the art. For example, Saffer in U.S. Patent 35 
2,833,816 discloses a method for oxidizing aromatic 
feedstock compounds to their corresponding aromatic 
carboxylic acids. Central to these processes for prepar- 
ing aromatic carboxylic acids is the use of a liquid-phase 
reaction employing a low molecular weight carboxylic 40 
acid, such as acetic acid, as part of the reaction solvent. 
A certain amount of water is also present in the oxidation 
reaction solvent and water is also formed as a result of 
the oxidation reaction. The oxidation reaction also pro- 
duces a reaction off gas which generally comprises car- 45 
bon dioxide, carbon monoxide and, depending on the 
promoter used, may contain methyl bromide. Addition- 
ally, when air is used as the source of molecular oxygen, 
the reaction offgas contains nitrogen gas and unreacted 
oxygen. Although various means can be used to control 50 
the temperature of the highly exothermic oxidation re- 
action, it is generally most convenient to remove heat 
by allowing the solvent to vaporize, i.e. boil, during the 
oxidation reaction. For example, EP 0 498 591 (Imperial 
Chemical Industries) describes an exothermic oxidation 55 
process wherein the vaporized solvent, which is typical- 
ly a mixture of water and low molecular weight carbox- 
ylic acid, is condensed in an overhead condenser appa- 
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ratus and the condensate returned to the reaction mix- 
ture. However, since water is also present, at least part 
of the condensate is usually directed to a separation ap- 
paratus, typically a distillation column, to separate the 
water from the low molecular weight aliphatic acid sol- 
vent so that the water concentration in the reactor is 
maintained at a constant level. Typically, offgases that 
are not condensed are vented or passed through an ox- 
idizer to burn byproducts and form an environmentally 
acceptable effluent. 

[0003] The high pressure offgas contains a consider- 
able amount of energy Although prior art processes, e. 
g. Journal A, Vol. 25(3), 1984, - "Energy Conservation 
at Amoco Chemicals" (J. Reumers), have, to an extent, 
utilized some of the energy contained in the offgas by 
running the offgas through, for example, an expander or 
turbine, prior art processes did not fully utilize the energy 
available in this high pressure offgas. In prior processes, 
heat removal from the reaction mixture was accom- 
plished by condensing a portion of the reaction over- 
head vapor to produce moderate pressure steam. The 
moderate pressure steam, in part, was used to recover 
energy by a steam turbine, and a part was used to sep- 
arate water from acetic acid by distillation. 
[0004] The art, therefore, needs an improved process 
to manufacture aromatic carboxylic acids wherein the 
energy generated by the highly exothermic, high pres- 
sure oxidation reaction can be economically and effi- 
ciently recovered and, in fact, serve as a net generator 
of energy. The present invention provides such an im- 
proved process. 

Summary of the Invention 

[0005] According to one aspect of the present inven- 
tion, there is provided a continuous process for prepar- 
ing aromatic carboxylic acids by the exothermic liquid- 
phase oxidation reaction of an aromatic feedstock com- 
pound wherein energy is efficiently recovered from the 
exothermic liquid-phase oxidation reaction, which proc- 
ess comprises: 

(a) oxidising an aromatic feedstock compound 
(such as para -xylene) to an aromatic carboxylic ac- 
id (e.g. terephthalic acid) in a liquid-phase reaction 
mixture comprising water, a low molecular weight 
monocarboxylic acid solvent, a heavy metal oxida- 
tion catalyst and a source of molecular oxygen, at 
a pressure from 0 kg/cm 2 to 35 kg/cm 2 and at a tem- 
perature from 1 50 °C to 240 °C to produce a gase- 
ous high pressure overhead stream comprising wa- 
ter, gaseous by-products, and gaseous low molec- 
ular weight monocarboxylic acid solvent; 

(b) removing in a high efficiency separation appa- 
ratus at least 95 weight percent of the low-molecular 
weight monocarboxylic acid from the gaseous high 
pressure overhead stream from the liquid-phase 
oxidation reaction to form a second high pressure 
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overhead stream comprising water and gaseous 
by-products formed during the oxidation reaction; 
and 

(c) passing a second high pressure overhead 
stream from step (b), directly or indirectly to an ex- 
pander for recovering energy from the second high 
pressure overhead stream. 

[0006] Optionally, in accordance with the present in- 
vention, the second high pressure overhead stream 
comprising water and gaseous by-products formed from 
separation step (b), may be treated to recover corrosive 
and/or combustible by-product materials, before being 
passed to an expander. For example, the corrosive and/ 
or combustible by-product materials may be removed 
from the second high pressure overhead stream com- 
prising water and gaseous by-products formed from 
separation step (b), by catalytic oxidation to form a gas- 
eous, high pressure effluent, before being passed to an 
expander. A further optional step comprises directing 
the high pressure effluent to a pre-heater before being 
passed to an expander. The expander may be connect- 
ed to an electric generator to provide means for recov- 
ering the energy. 

[0007] In addition to providing for the efficient recov- 
ery of energy produced by the exothermic oxidation of 
the aromatic feedstock compound, the use of a high ef- 
ficiency separation apparatus, (such as a high efficiency 
distillation column, for example one having at least 30 
theoretical plates), provides a means for recycling the 
oxidation reactor water typically used for the purification 
of crude aromatic carboxylic acids. Such water can be 
recycled as reflux to the distillation column. Any residual 
aromatic carboxylic acid in the water, as well as oxida- 
tion reaction intermediates, are thereby returned to the 
oxidation reactor and are recovered as useful product. 
Also, this recycle of the purification water decreases, or 
even eliminates the need to treat the water in a waste 
treatment facility. Thus, the load on the waste treatment 
facility is greatly reduced. Thus, the present invention 
also provides a process for preparing aromatic carbox- 
ylic acids according to steps (a)-(c), and further com- 
prising the steps of: 

(d) separating the aromatic carboxylic acid formed 
in step (a) from reaction, mother liquor produced 
during the liquid phase oxidation reaction mixture 
to form crude aromatic carboxylic acid; 

(e) purifying crude aromatic carboxylic acid at an 
elevated temperature and pressure in a purification 
solvent comprising water to form a mixture of puri- 
fied aromatic carboxylic acid and purification moth- 
er liquor comprising water; and 

(f ) separating purified aromatic carboxylic acid from 
purification mother liquor formed in step (e) and re- 
cycling at least a portion of the purification mother 
liquor to the high efficiency distillation column. 



[0008] The present invention also provides a reactor 
apparatus suitable for use in the above described proc- 
ess, for converting an alky I aromatic feedstock com- 
pound to an aromatic carboxylic acid by the liquid phase 

5 oxidation of the aromatic feedstock compound in a re- 
action mixture comprising acetic acid reaction solvent 
and water, and which provides for the efficient recovery 
of energy produced by the oxidation reaction, compris- 
ing a reaction vessel suitable for conducting the liquid 

10 phase oxidation of an aromatic feedstock compound at 
an elevated temperature, a high efficiency distillation 
column capable of separating a mixture of acetic acid 
and water, such that vapour exiting the distillation col- 
umn is less than 0.5 weight percent acetic acid and, a 

is means for directing vapour produced by the liquid- 
phase oxidation reaction in the oxidation reactor to the 
distillation column. 



20 



25 



Brief Description of the Figure 

[0009] Figure 1 shows, in schematic form, an embod- 
iment of operating the process of this invention. 

Detailed Description of the Invention 



[0010] In the process of this invention an aromatic 
feedstock compound is oxidized in an exothermic, liq- 
uid-phase oxidation reaction mixture to an aromatic car- 
boxylic acid, and the energy generated by this highly ex- 
30 othermic oxidation is efficiently recovered and used, for 
example, to generate electricity or other forms of useful 
and transmittable energy. 

[0011] The aromatic feedstock compound useful in 
the process of this invention is any aromatic compound 

35 that has oxidizable substituents which can be oxidized 
to a carboxylic acid group. For example, the oxidizable 
substituent can be an alky I group such as a methyl, 
ethyl, or isopropyl group. It can also be a partially oxi- 
dized alkyl group such as an alcohol group, aldehyde 

40 group or a ketone group. The aromatic portion of the 
aromatic feedstock compound can be a benzene nucle- 
us or it can be a bi- or polycyclic, for example naphtha- 
lene nucleus. The number of oxidizable substituents on 
the aromatic portion of the aromatic feedstock com- 

45 pound can be equal to the number of sites available on 
the aromatic portion of the aromatic feedstock com- 
pound, but is generally fewer, and is preferably 1 to 4, 
more preferably 2 or 3. Thus, examples of suitable aro- 
matic feedstock compounds for the process of this in- 

so vention include toluene, ethylbenzene, o-xylene, meta- 
xylene, para-xylene, 1-formyl-4-methylbenzene, 1-hy- 
droxymethyl-4-methylbenzene, 1 ,2,4-trimethylben- 
zene, 1-formyl-2,4-dimethylbenzene, 1,2,4,5-tetrame- 
thylbenzene, alkyl, hydroxymethyl, formyl, and acyl sub- 

55 stituted naphthalene compounds such as 2,6- and 
2,7-dimethylnaphthalene, 2-acyl-6-methylnaphthalene, 
2-formyl-6-methylnaphthalene, 2-methyl-6-ethylnaph- 
thalene, 2,6-diethylnaphthalene, and the like. 
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[0012] Paraxylene, for example, when oxidized pro- 
duces terephthalic acid, metaxylene produces isoph- 
thalic acid and 2,6-dimethy!naphthalene produces 
2,6-naphthalenedicarboxylic acid. 
[0013] As mentioned hereinabove, methods for oxi- s 
dizing aromatic feedstock to the corresponding aromatic 
carboxylic acid using a liquid-phase, heavy-metal cata- 
lyzed oxidation reaction are well known in the art. For 
example. Saffer et al. U. S. Patent 2,833,816 discloses 
such processes. Other processes are disclosed in U.S. 10 
Patents 3,870,754; 4,933,491; 4,950,786; and 
5,292,934. A particularly preferred method for oxidizing 
2,6-dimethylnaphthalene to 2,6-naphthalenedicarboxy- 
lic acid is disclosed in U.S. Patent 5,183,933. However, 
in general, suitable heavy metal oxidation catalysts in- is 
elude those metals having an atomic number of about 
21 to about 82, inclusive, preferably a mixture of cobalt 
and manganese. The preferred oxidation solvent is a 
low molecular weight aliphatic monocarboxylic acid hav- 
ing 2 to 6 carbon atoms, inclusive, or mixtures thereof 20 
with water. Preferably it is acetic acid or mixtures of ace- 
tic acid and water. A reaction temperature of 145°C to 
235° C is typical, and the reaction pressure is such that 
the reaction mixture is under liquid phase conditions. A 
promoter such as a low molecular weight ketone having 2s 
2 to 6 carbon atoms or a low molecular weight aldehyde 
having 1 to 6 carbon atoms can also be used. Bromine 
promoter compounds known in the art such as hydrogen 
bromide, molecular bromine, sodium bromide and the 
like can also be used. A source of molecular oxygen is 30 
also required, and typically it is air. For the conversion 
of paraxylene to terephthalic acid the source of molec- 
ular oxygen can vary in molecular oxygen content from 
that of 10% molecular oxygen, to oxygen gas. Air is the 
preferred source of molecular oxygen. In order to avoid 35 
the formation of explosive mixtures, the oxygen-contain- 
ing gas fed to the reactor should provide an exhaust gas- 
vapor mixture containing from 0.5 to 8 volume percent 
oxygen (measured on a solvent-free basis). For exam- 
ple, a feed rate of the oxygen-containing gas sufficient 40 
to provide oxygen in the amount of from 1 .5 to 2.8 moles 
per methyl group will provide such 0.5 to 8 volume per- 
cent of oxygen (measured on a solvent-free basis) in the 
overhead gas-vapor mixture. 

[001 4] The catalyst employed in the oxidation step for *s 
producing crude terephthalic acid preferably comprises 
cobalt, manganese, and bromine components, andean 
additionally comprise accelerators known in the art. The 
ratio of cobalt (calculated as elemental cobalt) in the co- 
balt component of the catalyst-to-p-xylene in the liquid- so 
phase oxidation is suitably in the range of 0.2 to 10 mil- 
ligram atoms (mga) per gram mole of p-xylene. The ratio 
of manganese (calculated as elemental manganese) in 
the manganese component of the catalyst -to-cobalt 
(calculated as elemental cobalt) in the cobalt compo- ss 
nent of the catalyst in the liquid-phase oxidation is suit- 
ably in the range of 0.2 to 10 mga per mga of cobalt. 
The weight ratio of bromine (calculated as elemental 
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bromine) in the bromine component of the catalyst-to- 
total cobalt and manganese (calculated as elemental 
cobalt and elemental manganese) in the cobalt and 
manganese components of the catalyst in the liquid- 
phase oxidation is suitably in the range of 0.2 to 1 .5 mga 
per mga of total cobalt and manganese. 
[0015] Each of the cobalt and manganese compo- 
nents can be provided in any of its known ionic or com- 
bined forms that provide soluble forms of cobalt, man- 
ganese, and bromine in the solvent in the reactor. For 
example, when the solvent is an acetic acid medium, 
cobalt and/or manganese carbonate, acetate tetrahy- 
drate, and/or bromine can be employed. The 0.2:1.0 to 
1.5:1.0 bromine-to-total cobalt and manganese milli- 
gram atom ratio is provided by a suitable source of bro- 
mine. Such bromine sources include elemental bromine 
(Br 2 ), or ionic bromine (for example HBr, NaBr, KBr, 
NH 4 Br, etc.), or organic bromides which are known to 
provide bromide ions at the operating temperature of the 
oxidation (e.g. benzylbromide, mono- and di-bromoace- 
tic acid, bromoacetyl bromide, tetrabromoethane, ethyl- 
ene-di-bromide, etc.). The total bromine in molecular 
bromine and ionic bromide is used to determine satis- 
faction of the elemental bromine-to-total cobalt and 
manganese milligram atom ratio of 0.2:1.0 to 1.5:1.0. 
The bromine ion released from the organic bromides at 
the oxidation operating conditions can be readily deter- 
mined by known analytical means. 
[001 6] For the oxidation of paraxylene to terephthalic 
acid, the minimum pressure at which the oxidation re- 
actor is maintained is typically that pressure which will 
maintain a substantial liquid phase of the p-xylene and 
the solvent. When the solvent is an acetic acid-water 
mixture, suitable reaction gauge pressures in the oxida- 
tion reactor are in the range of from 0 kg/cm 2 to 35 kg/ 
cm 2 , and typically are in the range of from 10 kg/cm 2 to 
20 kg/cm 2 . The temperature range within the oxidation 
reactor is generally from 120°C, preferably from 150°C, 
to 240°C, preferably to 230°C. The solvent residence 
time in the oxidation reactor is generally from 20 to 150 
minutes and preferably from 30 to 120 minutes. 
[0017] The process conditions described herein- 
above for oxidizing paraxylene to terephthalic acid can 
also be used to oxidize metaxylene to isophthalic acid. 
[0018] For the oxidation of 2,6-dimethylnaphthalene 
to 2,6-naphthalenedicarboxylic acid the weight ratio of 
monocarboxylic acid solvent to 2,6-dimethylnaphtha- 
lene is preferably 2:1 to 12:1, the mga ratio of manga- 
nese to cobalt is 5:1 to 0.3:1, the mga ratio of bromine 
to the total of cobalt and manganese is 0.3:1 to 0.8:1 
and the total of cobalt and manganese, calculated as 
elemental cobalt and elemental manganese is at least 
0.40 weight percent based on the weight of the solvent, 
and the oxidation reaction temperature is 185°C to 
220°C. Acetic acid is the most suitable solvent for oxi- 
dation of 2,6-dimethylnaphthalene. 
[001 9] The reactor vessel used for conducting the liq- 
uid phase oxidation of the aromatic feedstock com- 
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pound to the aromatic carboxylic acid is any reactor ves- 
sel that is designed to operate at the reaction conditions 
used for the liquid-phase oxidation reaction. Typically 
these reactors are constructed of an inert material such 
as titanium, or are lined with an inert material such as 
glass or titanium. If the oxidation reaction is conducted 
at an elevated pressure, the reactor must also be con- 
structed to withstand the pressures used for the oxida- 
tion reaction. The reactor can also be equipped with one 
or more agitators. Generally, the reactor is of a cylindri- 
cal design and is positioned in a vertical manner. 
[0020] As stated hereinabove, the heat generated 
during the liquid-phase oxidation is dissipated by allow- 
ing the reaction solvent to vaporize from the reaction 
mixture along with the water present in the reaction mix- 
ture. Since the temperature at which a liquid boils is re- 
lated to the pressure; the temperature of the oxidation 
reaction can be controlled by controlling the reaction 
pressure. At a reaction pressure of 7 to 21 kg/cm 2 , the 
temperature of the reaction mixture using acetic acid as 
the solvent, and the vapor produced therefrom, is 1 70°C 
to 210°C. Thus, the high temperature, high pressure va- 
por generated by the liquid phase oxidation reaction is 
a considerable source of energy, particularly when one 
considers the amount of such vapor produced in a large- 
scale commercial plant producing 200,000 to 750,000 
metric tons of aromatic carboxylic acid per year. 
[0021] In the process of this invention, the vaporized 
reaction solvent is directed to an apparatus, such as a 
high efficiency distillation column, that can separate the 
solvent, typically low molecular weight aliphatic carbox- 
ylic acid, from the water produced during the oxidation 
reaction. For reasons discussed is more detail below, 
the apparatus used for separating the water from the 
solvent must be able to make a separation such that at 
least 95%, more preferably 98% and most preferably at 
least 99% by weight of the low molecular weight carbox- 
ylic acid solvent in the vaporous oxidation reaction 
stream is removed. Thus, the gaseous stream exiting 
the separation apparatus has a very low level of reaction 
solvent and, except for carbon oxides, nitrogen and ox- 
ygen gas and any by-products, it is mainly high pressure 
steam. For example, when the reaction solvent is a low 
molecular weight carboxylic acid such as acetic acid, the 
vapor entering the separation apparatus comprises a 
mixture of acetic acid and water wherein the ratio of ace- 
tic acid to water, by weight, is 20: 1 to 3: 1 , and the vapor 
exiting the separation apparatus is generally less than 
0.5 weight percent acetic acid, more preferably less than 
0. 1 weight percent acetic acid and most preferably less 
than 0.05 weight percent acetic acid. 
[0022] Although the apparatus used to conduct this 
separation can be any apparatus that can separate wa- 
ter from the reaction solvent the preferred apparatus or 
means for conducting such a separation is a distillation 
column, preferably a high-efficiency distillation column. 
Any high efficiency distillation column can be used; how- 
ever, preferable distillation columns are those contain- 



ing a high efficiency packing such as Koch Flexipac and 
the like or containing sieve valve or bubble cap trays. 
Preferably, the distillation column has at least 30 theo- 
retical plates, more preferably, at least 50 theoretical 

s plates. The distillation column must be able to make a 
separation such that at least 95%, more preferably 98% 
and most preferably at least 99% by weight of the low 
molecular weight carboxylic acid solvent in the vaporous 
overhead oxidation reaction stream is removed. As stat- 

10 ed above, in these overhead streams, the ratio of low 
molecular weight monocarboxylic acid, such as acetic 
acid, to water, by weight, is typically 20:1 to 2:1. 
[0023] Preferably, the separation apparatus is de- 
signed to make the separation of the reaction solvent 

*5 from water at elevated pressure. The separation appa- 
ratus is preferably operated at a pressure equal to or 
slightly below the pressure of the liquid phase oxidation 
reaction. 

[0024] Any means can be used to direct the vapor pro- 

20 duced by the liquid phase oxidation reaction to the sep- 
aration apparatus. For example, piping or other suitable 
conduit can be used. Additionally, the separation appa- 
ratus, such as a distillation column, can be directly con- 
nected to the reactor vessel used to conduct the liquid 

25 phase oxidation reaction. 

[0025] Thus, the vapor produced by the liquid phase 
oxidation reaction, along with any byproduct gases 
formed as a result of the oxidation, any carbon oxides 
formed during the oxidation and, if air is used as the 

30 source of molecular oxygen, nitrogen gas, are passed 
through the separation apparatus to remove most of the 
reaction solvent. The gas exiting the separation appa- 
ratus therefore generally comprises water (steam), car- 
bon oxides, nitrogen gas, any unconsumed molecular 

35 oxygen, and oxidation reaction byproducts such as me- 
thyl bromide. Significantly, the gas exiting the separation 
apparatus is still at a high pressure and is, therefore, a 
valuable source of energy. While this off gas from the 
separation apparatus can be sent to a means for recov- 

40 ering energy, e.g. an expander , it is preferable to first 
remove corrosive and/or combustible byproduct mate- 
rials from the high pressure off gas before it is directed 
to an expander or other means for energy recovery. 
While any means for removing combustible materials 

^5 from the off gas is suitable, for example, a thermal oxi- 
dizer, a preferied method is to use a catalytic oxidation 
apparatus wherein the off gas is contacted with a suita- 
ble catalytic material at high temperature and high pres- 
sure in the presence of air or other source of molecular 

50 oxygen, and the corrosive and combustible byproduct 
materials in the off gas are catalytically oxidized to envi- 
ronmentally compatible materials. Such a catalytic oxi- 
dation unit can reduce or eliminate through oxidation, 
any residual oxidation reaction solvent present in the off- 

55 gas, and it can oxidize a byproduct such as methyl bro- 
mide. However, in the method of this invention, the sep- 
aration apparatus used removes most of the reaction 
solvent from the reaction offgas. Thus, the offgas enter- 
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ing the off gas catalytic oxidation unit has a low level of 
reaction solvent so the load on the catalytic oxidation 
unit is small. Otherwise, a high load of reaction solvent 
on the off gas catalytic oxidation unit would result in an 
excessively large temperature rise in the catalytic oxi- 
dation unit. Furthermore, the combustion of the reaction 
solvent would be a great economic loss since it is desir- 
able to conserve and recycle as much of the oxidation 
reaction solvent as possible. Generally, the effluent from 
the catalytic oxidation unit is directed to a scrubber to 
remove any acidic, inorganic materials such as bromine 
and hydrogen bromide. Bromine and hydrogen bromide 
would be formed by the catalytic oxidation of methyl bro- 
mide. Oxidation catalysts for such offgas oxidation are 
available, for example, from Engelhard Corp. or Allied- 
Signal Inc. 

[0026] The gaseous, high pressure effluent from the 
catalytic oxidation unit and scrubber is preferably direct- 
ed to a pre-heater to elevate the temperature of the off- 
gas and thereby convert any condensed water that may 
be present to steam. The dry, high pressure gas stream 
exiting the preheater is directed to an expander or other 
means for recovering energy from the high pressure gas 
stream. 

[0027] The means for recovering energy from the high 
pressure offgas, e.g. an expander, is suitably connected 
to an electric generator and/or to other equipment re- 
quiring mechanical work such as a compressor. The 
electrical energy produced by a generator can be used 
to power the equipment used in the plant for manufac- 
turing the aromatic carboxylic acid, for example, it can 
be used to operate compressors for adding air to the 
liquid phase oxidation reaction, and any excess electri- 
cal energy can be transmitted to a local electric power 
utility. For the production of terephthalic acid from parax- 
ylene feedstock, the amount energy recovered in the 
process of this invention is at least 0.3 and more pref- 
erably at least 0.35 kilowatt hours per pound of tereph- 
thalic acid produced. 

[0028] After exiting the expander, the offgas is con- 
densed and the resulting water is useful in other proc- 
esses within the manufacturing plant. This water is of 
relatively high purity containing only a small amount of 
dissolved gasses. For example, the condensed water 
can be used as a reflux for a distillation column used as 
a high efficiency separation apparatus. The water pro- 
duced by the condensation of the offgas can also be 
used as the solvent for a purification step where the 
crude aromatic carboxylic acid is treated to from a puri- 
fied aromatic carboxylic acid. Thus, the water formed by 
the condensation from the reaction offgas can be used 
as a recrystallization solvent or as a solvent for conduct- 
ing one or more chemical and/or physical treatments for 
the crude aromatic carboxylic acid. One such purifica- 
tion process comprises contacting an aqueous solution 
or slurry of the crude aromatic carboxylic acid with hy- 
drogen at an elevated temperature and pressure in the 
presence of a hydrogenation catalyst. Such a process 



is disclosed in U.S. Patent 3,584,039 to Meyer. Using 
the purification of terephthalic acid as an example, this 
purification procedure is conducted at an elevated tem- 
perature and pressure in a fixed catalyst bed. Both 

5 down-flow and upflow reactors can be used. The crude 
terephthalic acid to be purified is dissolved in water or 
a mixture of water and some other polar solvent such 
as a C r C 4 aliphatic carboxylic acid. 
[0029] The reactor, and thus the terephthalic acid so- 

10 lution temperature during purification, can be in the 
range of 100°C to 350*0. Preferably the temperatures 
are in the range of 275°C to 300°C. 
[0030] Reactor pressure conditions primarily depend 
upon the temperature at which the purification process 

15 is carried out. Inasmuch as the temperatures at which 
practical amounts of the impure terephthalic acid may 
be dissolved are substantially above the normal boiling 
point of the solvent, the process pressures are neces- 
sarily considerably above atmospheric pressure to 

20 maintain the aqueous solutions in liquid phase. In gen- 
eral, the reactor pressure during hydrogenation can be 
in the range of 1 378 to 10335 kPa (200 to 1 500 pounds 
per square inch gauge) (psig), and usually is in the range 
of 6201 to 8268 kPa (900 psig to 1 ,200 psig). The hy- 

25 drogen partial pressure is typically in the range of 206.7 
to 1 378 kPa (30 psig to 200 psig). 
[0031] The catalyst used for this purification step com- 
prises one or more active hydrogenation metals such as 
ruthenium, rhodium, palladium or platinum on a suitable 

30 support such as carbon or titania. A suitable support is 
an active carbon, usually derived from coconut charcoal 
in the form of granules having a surface area of 600 m 2 / 
g to 1500 m 2 /g. The loading of metal on the carrier is 
suitably 0.01 weight percent to 2 weight percent. Suita- 

35 ble materials for preparing purified aromatic carboxylic 
acids from crude aromatic carboxylic acids are dis- 
closed in U.S. Patent 5,256,817 to Sikkenga et al., and 
in U.S. Patent Application 029,037, filed on March 10, 
1 993, to Schroeder et al. 

40 [0032] After passing through the reactor for purifying 
the aromatic carboxylic acid, the solution of aromatic ac- 
id in aqueous solvent is cooled to precipitate the purified 
aromatic carboxylic acid. The temperature to which the 
solution is cooled is such that most of the purified aro- 

*5 matic carboxylic acid crystallizes. The crystallized puri- 
fied aromatic carboxylic acid is separated from the 
aqueous mother liquor using a suitable solid-liquid sep- 
aration device such as a centrifuge or filter. The cake of 
purified aromatic carboxylic acid can be washed with 

so pure water, dried and sent to storage or for packaging 
and shipment. 

[0033] The aqueous mother liquor separated by the 
centrifuge or filter contains a number of impurities, re- 
action intermediates and also contains suspended and 
55 dissolved aromatic carboxylic acid. In prior processes, 
this stream would be sent to a waste treatment facility. 
However, in the process of this invention, a major portion 
of this mother liquor can be diverted to the separation 
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apparatus used for separating the oxidation reaction 
solvent from the water produced during the oxidation re- 
action. Thus, the impurities, reaction intermediates and 
aromatic carboxylic acid product are returned to the ox- 
idation reaction mixture. Impurities are oxidized further, 
intermediates are converted to useful product, and aro- 
matic carboxylic acid is recycled for recovery. Such a 
recycle of the mother liquor from the hydrogenation re- 
action is particularly useful when the separation appa- 
ratus used for separating water from the oxidation reac- 
tion solvent is a distillation column. The recycled aque- 
ous mother liquor returned to the distillation column not 
only serves as reflux for the column, but also serves as 
an effective method for adding the mother liquor from 
the purification process to the oxidation reaction mix- 
ture. Thus the process of this invention provides for the 
elimination of a major waste product stream, a stream 
that would otherwise be sent to a waste treatment facil- 
ity. Prior to recycling the mother liquor stream to the dis- 
tillation column it can be treated to remove any suspend- 
ed matter, if present. For example, it can be subjected 
to filtration or centrif ugation, or it can be passed through 
a hydroclone to remove suspended matter. Prior to such 
treatment to remove suspended matter, the mother liq- 
uor can be treated, for example, by cooling, to remove 
dissolved compounds that might otherwise foul the dis- 
tillation column. 

Detailed Description of the Figure 

[0034] Figure 1 shows in schematic form a preferred 
embodiment for operating the process of this invention. 
In agitated oxidation reactor 10 para-xylene is reacted 
with air in the presence of acetic acid, and water as the 
oxidation solvent, cobalt and manganese oxidation met- 
als and one or more bromine compounds such as hy- 
drogen bromide as an oxidation promoter. The oxidation 
reaction is conducted at a temperature of 170°C to 
210°C, and at a pressure of 7 to 21 kg/cm 2 . The heat 
generated by the exothermic oxidation reaction causes 
the reactor solvent to boil. The vaporized solvent along 
with gaseous byproducts, carbon oxides, nitrogen from 
the air charged to the oxidation reaction, and un reacted 
oxygen pass through pipe 1 2 and into high pressure dis- 
tillation column 20 having about 45 theoretical plates. In 
the distillation tower, the acetic acid solvent is separated 
from the reaction overhead or off gas. The distillation col- 
umn is constructed and operated such that at least 99% 
of the acetic acid is removed from the overhead gas. 
The acetic acid solvent from the bottom of the distillation 
column is directed to surge drum 30 through pipe 25. 
From surge drum 30 the acetic acid solvent, which may 
contain some water, is returned to reactor 10 through 
pipe 35. The amount of solvent returned is controlled so 
that the proper amount of reaction solvent is maintained 
in the oxidation reactor. 

[0035] The reaction overhead or offgas exiting the top 
of distillation tower 20 through pipe 38 contains less than 
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0.1% by weight acetic acid, and is primarily water 
(steam), but also contains nitrogen, carbon oxides, un- 
reacted oxygen and gaseous oxidation byproducts such 
as methyl bromide. Offgas from pipe 38 is treated in a 
5 catalytic oxidation unit 40 where byproducts such as 
methyl bromide and any residual acetic acid in the off- 
gas are catatytically oxidized. Catalytic oxidation unit 40 
is also equipped with an aqueous scrubber to remove 
any bromine in the offgas exiting the catalytic oxidation 

10 unit. If acetic acid was not efficiently removed from the 
oxidation reaction overhead, it would be oxidized in the 
catalytic oxidation unit resulting in an economic loss. 
Offgas exiting the catalytic oxidation unit 40 is directed 
to pipe 42. A portion of the offgas from pipe 42 is directed 

is to pipe 43 and then to condenser 45 where water is con- 
densed from the offgas. The cooled offgas is directed to 
knock-out drum 50 through pipe 46. The water depleted 
gas exits the process through pipe 51. The water from 
knock-out drum 50 is directed to slurry vessel 110. 

20 [0036] The offgas, which is primarily water, from pipe 
42 is directed to pre-heater 60 through pipe 55. In pre- 
heater 60, the offgas is heated to a temperature of 
200°C to 235°C and sufficient to prevent the condensa- 
tion of the acetic acid depleted reactor offgas in the ex- 

25 pander 70. Pre-heated reactor offgas enters expander 
70 through pipe 65. Expander 70, which recovers ener- 
gy from the reactor offgas, drives compressor 75 which 
delivers compressed air to oxidation reactor 10 through 
pipe 76. Expander 75 also drives electric generator 80 

30 which supplies electric power for use within the TA man- 
ufacturing plant and to the local power utility. 
[0037] The expanded reactor offgas exits expander 
70 through pipe 72 and enters condenser 90 where the 
water in the expanded offgas is condensed. The con- 

35 densed water from condenser 90 is directed to reflux 
drum 100 through pipe 92. Water from drum 100 is di- 
rected to high pressure distillation column 20 through 
pipes 102 and 200. Such water returned to the column 
serves as reflux for the column. Water from drum 100 is 

40 also directed to slurry vessel 110 through pipe 105. 
[0038] A reaction mixture slurry comprising crude 
terephthalic acid, water, acetic acid, catalyst metals, ox- 
idation reaction intermediates and by-products exits ox- 
idation reactor 10 through pipe 115 and is directed to 

45 vessel 120 where the temperature of the oxidation re- 
action mixture is reduced to crystallize dissolved tereph- 
thalic acid. Vessel 120 is optionally equipped with an air 
sprager to continue the oxidation reaction. Overhead 
gasses from vessel 120 are directed to high pressure 

so distillation column 20 having about 45 theoretical plates, 
through pipe 125. Oxidation reaction slurry from vessel 
1 20 is directed to vessel 1 30 through pipe 1 28 wherein 
additional cooling and crystallization of terephthalic acid 
occurs. Oxidation reaction mixture slurry from vessel 

55 1 30 enters separation apparatus 1 35 through pipe 1 32. 
Separation apparatus 1 35 is typically one or more cen- 
trifuges or filters. In separation apparatus 135, crude 
terephthalic acid is separated from the oxidation reac- 
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tion mother liquor. Oxidation reaction mother liquor exits 
separation apparatus 135 through pipe 138 and enters 
mother liquor drum 140. A major portion of the mother 
liquor containing catalyst and acetic acid is recycled to 
oxidation reactor 1 0 through line 1 45. The other portion 5 
of the mother liquor is sent to stripper 150 through pipe 
1 46 where acetic acid is removed and directed to vessel 
1 30 through line 1 52. Bottoms from stripper 1 50 are sent 
to waste through pipe 154. 

[0039] A slurry of crude terephthalic acid and water 10 
from slurry drum 110 is directed to hydrogenation reac- 
tor 160 through pipe 158. In reactor 160, the crude 
terephthalic acid dissolved in water is treated with hy- 
drogen at an elevated temperature, for example, 260°C 
to 290°C, and elevated pressure to purify the crude is 
terephthalic acid by, for example, reducing the levels of 
4-carboxybenzaldehyde. The reaction mixture from hy- 
drogenation reactor 160 enters crystallization vessel 
1 70 through pipe 1 65. The slurry of purified terephthalic 
acid and water formed in vessel 1 70 is directed to sep- 20 
aration apparatus 1 80 through pipe 1 75. Purified tereph- 
thalic acid exits separation apparatus 180 through pipe 
1 90. Separation apparatus 1 80 is generally a centrifuge 
or a rotary vacuum filter. Mother liquor from separation 
apparatus 180 which comprises water, dissolved and 25 
suspended purified terephthalic acid, and various inter- 
mediate and by-product compounds, is recycled to the 
top of high pressure distillation column 20 through pipe 
200. The return of the mother liquor from separation ap- 
paratus 180 to high pressure distillation column 20 al- 30 
lows for the recycle of the intermediates and by-prod- 
ucts in the mother liquor to the oxidation reactor where 
they are either oxidized or converted to terephthalic ac- 
id, it also provides for the recycle of valuable terephthalic 
acid which would otherwise be sent to waste treatment, 35 
or which would require costly procedures for its recov- 
ery, and it eliminates treating large volumes of waste wa- 
ter in waste treatment facilities. 



Claims 

1. A continuous process for preparing aromatic car- 
boxylic acids by the exothermic liquid-phase oxida- 
tion reaction of an aromatic feedstock compound *s 
wherein energy is efficiently recovered from the ex- 
othermic liquid-phase oxidation reaction, which 
process comprises: 

(a) oxidizing an aromatic feedstock compound so 
to an aromatic carboxylic acid in a liquid-phase 
reaction mixture comprising water, a low mo- 
lecular weight monocarboxylic acid solvent, a 
heavy metal oxidation catalyst and a source of 
molecular oxygen, at a pressure from 0 kg/cm 2 ss 
to 35 kg/cm 2 and at a temperature from 1 50 °C 
to 240 °C to produce a gaseous high pressure 
overhead stream comprising water, gaseous 
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by-products, and gaseous low molecular 
weight monocarboxylic acid solvent; 

(b) removing in a high efficiency separation ap- 
paratus at least 95 weight percent of the low- 
molecular weight monocarboxylic acid from the 
gaseous high pressure overhead stream from 
the liquid-phase oxidation reaction to form a 
second high pressure overhead stream com- 
prising water and gaseous by-products formed 
during the oxidation reaction; and 

(c) passing second high pressure overhead 
stream from step (b) directly or indirectly to an 
expander for recovering energy from the sec- 
ond high pressure overhead stream. 

2. The process according to Claim 1 wherein the high 
efficiency separation apparatus is a high efficiency 
distillation column having at least 30 theoretical 
plates. 

3. The process according to Claim 1 wherein the sec- 
ond high pressure overhead stream comprising wa- 
ter and gaseous by-products formed from separa- 
tion step (b), is treated to remove corrosive and/or 
combustible by-product materials, before being 
passed to an expander. 

4. The process according to Claim 1 or Claim 2 where- 
in the corrosive and/or combustible by-product ma- 
terials are removed from the second high pressure 
overhead stream comprising water and gaseous 
by-products formed from separation step (b), by 
catalyst oxidation to form a gaseous, high pressure 
effluent, before being passed to an expander. 

5. The process according to Claim 3, wherein the gas- 
eous, high pressure effluent is directed to a pre- 
heater before being passed to an expander. 

6. The process according to any preceding claim 
wherein the expander is connected to an electric 
generator. 

7. The process of any preceding claim wherein the ar- 
omatic feedstock compound is para-xylene and the 
aromatic carboxylic acid is terephthalic acid. 

8. The process according to Claim 1 further compris- 
ing the steps of 

(d) separating the aromatic carboxylic acid 
formed in step (a) from the reaction mother liq- 
uor produced during the liquid phase oxidation 
reaction mixture to form crude aromatic carbox- 
ylic acid; 
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(e) purifying crude aromatic carboxylic acid at 
an elevated temperature and pressure in a pu- 
rification solvent comprising water to form a 
mixture of purified aromatic carboxylic acid and 
purification mother liquor comprising water; 5 
and 
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tischer Carbonsauren durch die exotherme Flussig- 
phasenoxidationsreaktion eineraromatischen Aus- 
gangsverbindung, wobei Energie wirksam aus der 
exothermen Flussigphasenoxidationsreaktion 
ruckgewonnen wird, welches Verfahren folgendes 
umfaGt: 
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9. 



(f) separating purified aromatic carboxylic acid 
from purification mother liquor formed in step 
(e) and recycling at least a portion of the purifi- 
cation mother liquor to the high efficiency dis- 
tillation column. 

The process of Claim 8 wherein the aromatic feed- 
stock compound is para-xylene and the aromatic 
carboxylic acid is terephthalic acid. 



10. A reactor apparatus suitable for use in the process 
of Claim 1 for converting an alkyl aromatic feed- 
stock compound to an aromatic carboxylic acid by 
the liquid phase oxidation of the aromatic feedstock 
compound in a reaction mixture comprising acetic 
acid reaction solvent and water, and which provides 
for the efficient recovery of energy produced by the 
oxidation reaction, comprising 

a reaction vessel suitable for conducting the liq- 
uid phase oxidation of an aromatic feedstock 
compound at an elevated temperature, 
a high efficiency distillation column capable of 
separating a mixture of acetic acid and water 
such that vapour exiting the distillation column 
is less than about 0.5 weight percent acetic acid 
and, 

a means for directing vapor produced by the liq- 
uid-phase oxidation reaction in the oxidation re- 
actor to the distillation column. 

11. The reaction apparatus of Claim 1 0 wherein the dis- 
tillation column is capable of separating acetic acid 
from water such that at least about 99% by weight 
of the acetic acid in a mixture of acetic acid and wa- 
ter fed to the distillation column is separated and 
not present in effluent from the top of the distillation 
column. 

12. The reactor apparatus of Claim 11 further compris- 
ing an expander to recover energy from the vapor 
exiting the distillation column. 

1 3. The reactor apparatus of Claim 1 2 further compris- 
ing an electric generator connected to the expand- 
er. 



PatentansprQche 

1. Kontinuierliches Verfahren zur Herstellung aroma- 
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(a) Oxidieren einer aromatischen Ausgangs- 
verbindung zu einer aromatischen Carbonsau- 
re in einer Flussigphasenreaktionsmischung, 
die Wasser, ein Monocarbonsaurelosungsmit- 
tel mit niedrigem Molekulargewicht, einen 
Schwermetalloxidationskatatysator und eine 
Quelle molekularen Sauerstoffs umfaGt, bei ei- 
nem Druck von 0 kg/cm 2 bis 35 kg/cm 2 und bei 
einer Temperatur von 150°C bis 240°C, urn ei- 
nen gasformigen Hochdruck-Uberkopfstrom zu 
erzeugen, der Wasser, gasfbrmige Nebenpro- 
dukte und gasfdrmiges Monocarbonsaurelo- 
sungsmittel mit niedrigem Molekulargewicht 
umfaGt; 

(b) Entfernen von mindestens 95 Gew.-% der 
Monocarbonsaure mit niedrigem Molekularge- 
wicht in einer hochwirksamen Trennvorrichtung 
aus dem gasformigen Hochdruck-Uberkopf- 
strom aus der Flussigphasenoxidationsreakti- 
on, urn einen zweiten Hochdruck-Uberkopf- 
strom zu bilden, der Wasser und wahrend der 
Oxidationsreaktion gebildete gasformige Ne- 
benprodukte enthalt; und 

(c) Leiten des zweiten Hochdruck-Uberkopf- 
stroms aus Schritt (b) direkt oder indirekt zu ei- 
ner Entspannungsmaschine, um aus dem 
zweiten Hochdruck-Uberkopfstrom Energie 
ruckzugewinnen. 

Verfahren nach Anspruch 1 , wobei die hochwirksa- 
me Trennvorrichtung eine hochwirksame Destillati- 
onskolonne mit mindestens 30 theoretischen Bo- 
den ist. 

Verfahren nach Anspruch 1, wobei der durch dem 
Trennschritt (b) gebildete, zweite Hochdruck-Uber- 
kopfstrom, der Wasser und gasformige Nebenpro- 
dukte umfaGt, vor dem Zufuhren zu einer Entspan- 
nungsmaschine behandelt wird, um korrosive und/ 
Oder brennbare Nebenproduktmaterialien zu ent- 
fernen. 

Verfahren nach Anspruch 1 oder Anspruch 2, wobei 
die korrosiven und/oder brennbaren Nebenpro- 
duktmaterialien vor dem Zufuhren zu einer Ent- 
spannungsmaschine aus dem durch dem Trenn- 
schritt (b) gebildeten, zweiten Hochdruck-Uber- 
kopfstrom, der Wasser und gasformige Nebenpro- 
dukte umfaGt, durch Katalysatoroxidation entfernt 
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werden, um einen gasfdrmigen HochdruckausfluB 
zu bilden. 

5. Verfahren nach Anspruch 3, wobei der gasfdrmige 
HochdruckausfluB vor dem Zufuhren zu einer Ent- s 
spannungsmaschine zu einem Vorerhitzer geleitet 
wird. 

6. Verfahren nach irgendeinem vorherigen Anspruch, 
wobei die Entspannungsmaschine mit einem 10 
Stromgenerator verbunden ist. 

7. Verfahren nach irgendeinem vorherigen Anspruch, 
wobei die aromatische Ausgangsverbindung para- 
Xylol ist und die aromatische Carbonsaure Terepht- 1S 
halsaure ist. 

8. Verfahren nach Anspruch 1 , welches ferner die fol- 
genden Schritte umfaBt: 

20 

(d) Abtrennen der im Schritt (a) gebildeten aro- 
matischen Carbonsaure von der Reaktions- 
mutterlauge, die wahrend der Flussigphasen- 
oxidationsreaktionsmischung erzeugt wird, um 
eine aromatische Rohcarbonsaure zu bilden; 25 
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Wasser geeignet ist, so daB der die Kolonne ver- 
lassende Dampf weniger als ungefahr 0,5 Gew-% 
an Essigsaure ist, und ein Mittel zum Leiten von 
durch die Flussigphasenoxidationsreaktion in dem 
Oxidations reaktor erzeugtem Dampf zu der Destil- 
lationskolonne. 

11. Reaktionsvorrichtung nach Anspruch 10, wobei die 
Destillationskolonne in der Lage ist, Essigsaure von 
Wasser zu trennen, so daB mindestens ungefahr 99 
Gew.-% der Essigsaure in einer der Destillationsko- 
lonne zugefuhrten Mischung aus Essigsaure und 
Wasser abgetrennt werden und nicht in einem Aus- 
fluB aus der Spitze der Destillationskolonne vorhan- 
den sind. 

1 2. Reaktorvorrichtung nach Anspruch 1 1 , die ferner ei- 
ne Entspannungsmaschine zum Ruckgewinnen 
von Energie aus dem Dampf, der aus der Destilla- 
tionskolonne austritt, umfaBt. 

13. Reaktorvorrichtung nach Anspruch 12, die ferner 
einen mit der Entspannungsmaschine verbunde- 
nen Stromgenerator umfaBt. 
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(e) Reinigen der aromatischen Rohcarbonsau- 
re bei einer erhohten Temperatur und Druck in 
einem Reinigungslosungsmittel, das Wasser 
umfaBt, um eine Mischung aus gereinigter aro- 30 
matischer Carbonsaure und gereinigter Mutter- 
lauge, die Wasser umfaBt, zu bilden; und 

(f) Trennen der gereinigten aromatischen Car- 
bonsaure von im Schritt (e) gebildeter gereinig- 35 
ter Mutterlauge und Ruckfuhren von minde- 
stens einem Teil der gereinigten Mutterlauge zu 
der hochwirksamen Destillationskolonne. 

9. Verfahren nach Anspruch 8, wobei die aromatische <o 
Ausgangsverbindung para-Xylol ist und die aroma- 
tische Carbonsaure Terephthalsaure ist. 

10. Reaktorvorrichtung, die geeignet ist fur eine Ver- 
wendung in dem Verfahren gemaB Anspruch 1 zum *5 
Umwandeln einer alkylaromatischen Ausgangsver- 
bindung zu einer organischen Carbonsaure durch 

die Flussigphasenoxidation der aromatischen Aus- 
gangsverbindung in einer Reaktionsmischung, die 
Essigsaure-Reaktionslosungsmittel und Wasser 50 
umfaBt, und die fur die wirksame Ruckgewinnung 
von durch die Oxidationsreaktion erzeugter Energie 
vorgesehen ist, umfassend 
ein f Or die Durchf Ohrung der Flussigphasenoxidati- 
on einer aromatischen Ausgangsverbindung bei ei- 55 
ner erhohten Temperatur geeignetes Reaktionsge- 
faB, eine hochwirksame Destillationskolonne, die 
zum Trennen einer Mischung aus Essigsaure und 



Revendications 

1. Precede continu de preparation d'acides carboxyli- 
ques aromatiques par la reaction d'oxydation exo- 
thermique en phase liquide d'un compost de char- 
ge d'alimentation aromatique, dans lequel de I'Sner- 
gie est recupe>6e efficacement a parti r de la reac- 
tion d'oxydation exothermique en phase liquide, le- 
quel proced6 comprend : 

(a) i'oxydation d'un compose de charge d'ali- 
mentation aromatique en un acide carboxyli- 
que aromatique dans un melange reactionnel 
en phase liquide comprenant de I'eau, un acide 
monocarboxylique de bas poids moleculaire 
comme solvant, un catalyseur d'oxydation a 
base de metal lourd et une source d'oxygene 
moleculaire, a une pression de 0 kg/cm 2 a 35 
kg/cm 2 et a une temperature comprise entre 
150°C et 240°C pour produire un courant de 
tdte gazeux a haute pression comprenant de 
I'eau, des sous-produits gazeux et de I'acide 
monocarboxylique gazeux de bas poids mole- 
culaire utilise comme solvant ; 

(b) Termination dans un appareil de separation 
a haut rendement, d'au moins 95% en poids de 
i'acide monocarboxylique de bas poids mole- 
culaire du courant de tete gazeux a haute pres- 
sion provenant de la reaction d'oxydation en 
phase liquide pour former un second courant 
de tdte a haute pression comprenant de I'eau 
et des sous-produits gazeux formes pendant la 
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reaction d'oxydation ; et 
(c) renvoi du second courant de tdte a haute 
pression provenant de I'Stape (b) directement 
ou indirectement vers une unite de detente 
pour rScupSrer de I'Snergie a parti r du second s 
courant de tSte a haute pression. 



(f) separation de I'acide carboxylique aromati- 
que purifie de la liqueur mere de purification for- 
mee dans I'Stape (e) et recyclage d'au moins 
une partie de la liqueur mere de purification 
vers la colonne de distillation a haut rende- 
ment. 



2. Procede suivant la revendication 1, dans lequel 
I'appareil de separation a haut rendement est une 
colonne de distillation a haut rendement ayant au 10 
moins 30 plateaux theoriques. 

3. ProcSdS suivant la revendication 1 , dans lequel le 
second courant de tdte a haute pression compre- 
nant de I'eau et des sous-produits gazeux formes a '5 
partir de I'Stape de separation (b), est traits pour 
Sliminer des mat ie res sous-produites corrosives et/ 

ou combustibles, avant d'etre envoys dans une uni- 
te de detente. 

20 

4. ProcSdS suivant les revendications 1 ou 2, dans le- 
quel les matieres sous-produites corrosives et/ou 
combustibles sont SliminSes du second courant de 
tSte a haute pression comprenant de I'eau et des 
sous-produits gazeux forme a partir de I'Stape de 25 
separation (b), par oxydation catalytique pour for- 
mer un effluent gazeux a haute pression, avant 
d'envoyer le courant dans une unite de detente. 

5. ProcSdS suivant la revendication 3, dans lequel Pet- 30 
fluent gazeux a haute pression est dirige vers une 
unite de prechauffage avant d'Stre envoy 6 dans une 
unite de detente. 

6. ProcSdS suivant Tune quelconque des revendica- 35 
tions precSdentes, dans lequel I'unitS de detente est 
reliee a un gSnSrateur electrique. 

7. ProcedS suivant Tune quelconque des revendica- 
tions prScSdentes, dans lequel le composS de char- 40 
ge d'alimentation aromatique est le para-xylene et 
I'acide carboxylique aromatique est I'acide tSrSph- 
talique. 

8. ProcSdS suivant la revendication 1 , comprenant de *s 
plus les Stapes de : 

(d) separation de I'acide carboxylique aromati- 
que formS dans I'Stape (a) de la liqueur mere 

de reaction produite pendant I'oxydation en so 
phase liquide du melange reactionnel pour for- 
mer de I'acide carboxylique aromatique brut ; 

(e) purification de I'acide carboxylique aroma- 
tique brut a de hautes temperature et pression 
dans un solvant de purification comprenant de 55 
I'eau pour former un mSlange d'acide carboxy- 
lique aromatique purifie et de liqueur mere de 
purification comprenant de Teau ; et 



9. Procede suivant la revendication 8, dans lequel le 
compose de charge d'alimentation aromatique est 
le para-xylene et I'acide carboxylique aromatique 
est I'acide tSrSphtalique. 

10. Appareil de reaction convenable pour etre utilisS 
dans le procSdS suivant la revendication 1 pour 
convertir un compose de charge d'alimentation alk- 
yl-aromatique en un acide carboxylique aromatique 
par I'oxydation en phase liquide du composS de 
charge d'alimentation aromatique dans un melange 
reactionnel comprenant de I'acide acStique comme 
sorvant de reaction et de I'eau, et qui permet la re- 
cuperation efficace de I'Snergie produite par la reac- 
tion d'oxydation, qui comprend : 

un recipient de reaction convenable pour reali- 
ser I'oxydation en phase liquide d'un compose 
de charge d'alimentation aromatique a une 
temperature elevee, 

une colonne de distillation a haut rendement 
capable de separer un melange d'acide aceti- 
que et d'eau de telle sorte que la vapeur sortant 
de la colonne de distillation comprend moins 
d'environ 0,5% en poids d'acide acetique, et 
un moyen pour envoyer la vapeur produite par 
la reaction d'oxydation en phase liquide dans 
le reacteur d'oxydation vers la colonne de dis- 
tillation. 

11. Appareil de reaction suivant la revendication 10, 
dans lequel la colonne de distillation est capable de 
sSparer I'acide acetique de I'eau de telle sorte qu'au 
moins environ 99% en poids de I'acide acStique 
dans un melange d'acide acetique et d'eau chargS 
dans la colonne de distillation, sont separSs et ne 
sont pas presents dans ('effluent de tete de la co- 
lonne de distillation. 

12. Appareil de reaction suivant la revendication 11 
comprenant de plus une units de dStente pour rS- 
cupSrer de I'Snergie de la vapeur sortant de la co- 
lonne de distillation. 

13. Appareil de rSaction suivant la revendication 12 
comprenant de plus un gSnSrateur Slectrique reliS 
a I'unitS de dStente. 
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